Query logs contain valuable information about the behavior, interests, and preferences of the users. The analysis of this information can give insight in their interaction and search behavior. In this paper, we analyze queries and groups of queries intended to find information that is suitable for children by using a large-scale query log. The aim of the analysis it twofold: (i) To identify differences in the query space, content space, user sessions, and user click behavior. (ii) To enhance the query log by including annotations of queries, sessions and actions. The paper presents plans to use this resource for further research on information retrieval for children. We found statistically significant differences between the set of general purpose queries, and the set of children queries. We show that many of these differences are consistent with small-scale research studies in which children were observed while using web search engines.
INTRODUCTION
The Internet today is widely used by children for information, communication and entertainment purposes. From 2000 to 2002 the Internet access of children aged 2-17 increased from 46% to 78% in the United States [15] . Similarly, the London School of Economics reported that 75% of the 9-19 years old people in the UK have access to the Internet at home and 98% somewhere by 2004 [25] . Undoubtedly, the access and use of the Internet by children will keep increasing in these and other regions of the world in the coming years. Unfortunately, most of the current Information Permission to make digital or hard copies of all or part of this work for personal or classroom use is granted without fee provided that copies are not made or distributed for profit or commercial advantage and that copies bear this notice and the full citation on the first page. To copy otherwise, to republish, to post on servers or to redistribute to lists, requires prior specific permission and/or a fee. Retrieval (IR) systems are designed for adults and previous studies have shown that children's information needs [32] , search approaches [11] and cognitive skills [29] differ from those of adults. Thus, there is an increasing need for research aimed at understanding children's information needs and to provide IR systems that suit the characteristics of content for children.
Query logs represent valuable sources of information to understand the search process and to improve search engine systems. For instance, query logs have been widely exploited in the literature to study user's behavior/interaction with IR systems, to classify queries [12] , to infer search intent [2] [10] , to generate user profiles [2] , to produce query suggestions [8] , among others.
In this paper we explore the AOL query log [28] to compare the queries and sessions use to retrieve information for children, and queries and sessions use to retrieve general purpose information. The aim of this analysis is twofold: (i) To identify differences in the query space, user sessions and user behavior of these two types of queries. (ii) To enhance this query log by identifying children queries, sessions and actions. This resource will be used to study other important problems in IR for children as query assistance and query classification.
For the analysis we rely on the Kids and Teens section of the DMOZ directory 1 to identify the queries employed to retrieve content for children. The aim of this DMOZ section is to provide child friendly and safe content to cover the specific needs of people under the age of 18. We consider that using this directory to identify children-content queries is reasonable and realistic enough given that the content of the directory is frequently regulated and maintained by senior editorial staff, which guarantees that websites with harmful or unsuitable content for children are excluded.
Note that although it is not possible to establish if these queries were performed by children, we are still able to study the characteristics of the queries and sessions when the underlying information need is related to content for children. Moreover, it has recently been reported (from a survey of 2131 families in UK) [27] that children aged 5-15 are frequently trusted to search the Web on their own (68% and 84% for children aged 5-7 and 8-15, respectively), which suggests that there is a high chance that queries retrieving information for children are actually submitted by children.
Another important characteristic of DMOZ is the use of age tags which can be used to distinguish content suitable for kids up to 12 (kids), 15 (teens) and 18 years old (mature teens)
2 . This feature allow us to compare the characteristics of the queries and sessions for these three target groups. In Section 2 we introduce the most relevant related work on query log analysis and children search behavior. In Section 3 we describe the data employed in this study and the methodology followed for its analysis. Section 4 present the results obtained for the children queries and sessions. In Section 5 we discuss some directions and ideas of how to improve information retrieval for children based on our findings and children search behavior. Finally in Section 6 conclusions are drawn and directions for future work are stated.
RELATED WORK
Although we are unaware of any previous query log analysis in IR for children, several studies have been carried out to analysis large-scale query logs of commercial search engines. Silverstein et al. [30] analyzed a query log of the Altavista search engine that contains approximately 1 billion entries. They presented an analysis of individual queries, query duplication, query sessions and correlations between query terms based on a set of descriptive measures such as query length, query frequency, session length and term frequency. According to this study users tend to utilize short queries (mean of 2.3 words per query) and user sessions are short on average (2 queries per session). They also reported that queries are not changed often by users and that 77.5% of the queries are unique, which suggests a wide variety of information needs and several ways to express them. Similar results regarding query length and query characteristics are reported in the analysis done by Spink et al. [31] on a smaller query log of the Excite search engine.
Pass et al. [28] analyze various aspects of an AOL query log such as query formulation patterns, search engine efficiency, user demographics and user's interactions. They described the query space as vast, topically diverse and in constant change. Interestingly, they also found that 20% of the users perform approximately 70% of the queries and that less than 1% of the web domains present in the log account more than 50% of the clicks of the users. Further analysis on this query log is carried out by Brenes et al. [9] by grouping the queries and sessions based on the query popularity. They found different behaviors throughout the groups (i.e. navigational coefficient, query length, temporal length) which suggests that more fine-grained analysis are required to study query logs.
A crucial aspect to study query logs is the definition of the user session. A session is a sequence of queries issued by the user to satisfy an information need. In [8] [22] [18] the sessions are defined using a timeout cutoff between queries, which establishes that two queries are in the same session if the time difference in which they were issued is smaller than a given threshold value. Jones et al [22] showed the limitations of this method to capture individual search tasks. They proposed an automatic procedure to segment further user's sessions in goals and missions. Goals are defined as an atomic information needs and missions as a set of related information needs. In our analysis we use a similar approach to detect goals in the query log.
In this paper we will refer to the case studies on children search behavior carried out by Bilal [5, 6, 7] and Druin [13] to compare and analyze the findings on user's behavior drawn 2 http://www.dmoz.org/guidelines/kguidelines/ from the query log. We will also refer to Ofcom's study which presents an overview of media literacy among UK children from 5 to 15 years old based on a survey performed from 2007 to 2009 on 2131 families.
CHILDREN QUERIES AND SESSIONS
The AOL query log employed contains approximately 36 million entries and it was collected during two months in 2006. Currently, this is the largest and most up-to-date freely accessible query log in the Web Each entry contains an anonymous user ID, time of submission, rank position and domain of the URL clicked. It is important to mention that there is controversy about the usage of this query log in the research community given the privacy issues that arose by the identification of actual users in the press [24] . Nonetheless, all the results presented in this paper are obtained from accumulated counts and no actual user identification is performed. The identification of the queries employed to retrieve content for children was performed by matching the entries listed in the DMOZ kids & teens directory, which contained 45.635 entries, with the domains clicked in the entries of the query log. Given that the query log does not include the entire URL visited, matches are restricted to the cases in which only the domain is listed as DMOZ entry. Three data sets of query log entries were constructed by employing the matching procedure described above on the DMOZ entries tagged for kids, teens and mature teens.
Sessions are constructed by grouping contiguous queries submitted with a time difference smaller than t θ and that are from the same user. A formal definition of session is shown in Equation 1.
where ui 1 = ... = ui k , ti 1 ≤ ... ≤ ti k and ti j+1 − ti j ≤ t θ for all j = 1, 2..., k − 1 The parameter t θ was set to 30 minutes because it is the most common value employed in the literature [22] [8] [18] . We consider that this time window is also suitable for sessions expressing children information needs because it has been shown that the average time children spend to fulfill an information need varies between 10 and 16 minutes [7] . The identification of atomic information needs or goals is performed by grouping any pair of queries from the same user according the conditions expressed in Equation 2.
qi, qj :
(2) where α and β are set to 1. This equation groups a pair of queries if the edit distance is below a threshold α, the queries contain only β different words (word distance), or the queries are used to click in the same domain.The time restriction specifies that the queries grouped keep the order of submission. The goals are constructed by merging all the pairs of related queries in a transitive fashion. We employed the word and edit distance to find related queries because these features have been shown to be highly effective in the identification of goal boundaries [22] . The sessions and goals used to satisfy children's information needs are those that visit at least one DMOZ domain . Three sets of sessions and goals were built using these criteria. Table 1 summarizes the characteristics of the set of sessions and goals collected.
EXPERIMENTATION AND RESULTS

Query level results
In this section we explore the characteristics of the query entries. We considered the query length (which is measured by the number of words per query), the type of queries (question queries, phrasal queries, query intent), cue words, the rank position of the domains clicked, the query frequency distribution and the distribution of users across the datasets.
Query length Analysis
Query length is an indicator of the complexity of the query and the difficulty of the user to express information needs using keywords. The average query length found for the kids, teens and mature teens datasets were 3.8, 3.4 and 3.2, respectively. These values differ from the mean of the entire query log, which is 2.5 words per query, with statistical significance using the Wilcoxon signed-rank test at the 95% confidence level. The average query length of the entire data is also in line with the average length reported for other large scale query logs [30, 4] .
Interestingly, these results confirmed previous studies in the field of Human-Computer Interaction (HCI). Druin et al. [13] stated that kids of age 8 to 12 tend to formulate longer queries as a consequence of their preference to write queries using natural language constructions instead of keywords, specially when the information need requires multiple phases to be solved. It has also been found that children tend to express complex information needs by directly typing the question they have [7] .
Query type Analysis
Given these observations the queries were classified into question and phrasal queries. Question queries (e.g. what is the leprechaun) are defined as the queries that contain at least one of the following tokens: what, where, why, who, when, whose, will, am, are, is, have, has, whether, which and whom [4] . None of the queries in the query log contained the question mark character (possible due to query normalization before the release of this query log). Phrasal queries (e.g. words that start with the N letter ) refers to the presence of noun and/or verb phrases in the queries. The frequency of these type of queries are summarized in Table 2. In this table is shown that question queries are more frequent in the children queries (queries use to retrieve information for children) than in the general purpose query set, which is in line with Druin's observations [13] .These findings suggest that query reduction and query segmentation techniques can be particularly beneficial for children content queries since it has been shown that longer queries are less efficient [23] . Similarly query reformulation techniques based on morphological and syntactical features of the queries can improve the search process by mapping phrases to concepts and keywords [14] .
Query intent Analysis
Queries were also analyzed using Broder [10] classification which captures three types of user intent: informational, navigational and transactional queries. Informational queries are used to address an information need by locating content relevant to the topic of interest (e.g. areas in africa giraffes live in). Navigational queries are used to locate a specific Website, which can be the main Website of an organization or a hub site (i.e. bobthebuilder.com). Transactional queries are used to locate a Website with the aim of obtaining a product. The product may refer to an item to be purchase, an application to be executed on-line (i.e. alphabet coloring pages) or a multimedia resource to be downloaded.
The results summarized in Table 2 were obtained by manually classifying the queries using the guidelines given by Jansen et al. [20] to classify query intent (Broder categories are also used in this study). The queries were classified by sampling randomly at 15% the unique queries of the kids, teens and mature teens data set. For the whole data set a random sample of 1400 queries was obtained. This size is comparable to the size of the sample employed in a previous study on a large query log [10] .
We found that informational queries are preferred in the whole, teens and mature teens data set over transactional and navigational queries. Previous studies have also found this behavior on large query logs. For instance Broder [10] reported on a random sample of 1000 queries from the Altavista log that 48% of the queries were informational, 30% transactional and 20% navigational, which are comparable to the percentages obtained in our sample.
Interestingly, this trend was not observed for the kids queries in which transactional queries are preferred (increase of 20% in respect to the average user of the query log). We found that transactional queries are mainly used in the kids and teens queries to interact with web applications (e.g. flash/java games, academic quizzes) or to obtain free on-line resources (e.g. poems, songs lyrics, coloring pages).
Conclusions in the same line have recently been drawn in Ofcom's studies [27] . They reported that gaming is the preferred Internet activity for children aged 5-7 and second preferred for children aged 8-11. In particular 37% of the children aged 5-7 (52% for children aged 8-11) were found to use the Internet at least once per week for gaming while 19% use it for information purposes (46% for children aged [8] [9] [10] [11] . On the other hand for users aged 12 -15 informational and social activities are more popular than gaming. In this case 66% use the Internet at least once in the week for informational purposes and 48% for gaming. The lower use of informational search in the kids queries compared to the other query sets can be caused by the current lack of specialized IR applications to satisfy children's information needs or to the unsuitability of most of the content in the Web for these users. Given that these type of users are more familiar with the interaction of multimedia and on-line applications, the design of more interactive tools can highly improved the motivation and success of users searching for children-friendly information.
Cue words analysis
Cue words provide information about the characteristics of the content searched by users and their identification have been proved useful to aid search through query expansion techniques [17] . Our motivation to identify cue words is to identify the most common characteristics and content type of the information searched in the query sets. The identification of cue words is based on a contextual model [33] which is a defined in Equation 3 .
where C(w) is the context of w . This equation models the likelihood of a word a to appear in the context of a given word w. In this paper we define the context of wi as the set of words that occur at positions i − 2, i − 1, i + 1, i + 2. We are interested in mining the context words (cue words) used in the query sets. For this purpose we cluster the words in the queries such that each cluster represents the set of content words w that co-occur with a given context word. Thus, each cluster can be seen as a group of information needs that make use of the same cue word. The star algorithm is used to perform the clustering by representing the nucleus of each cluster as the context word, the satellites as the content words co-occurring with the context word and the similarity measure between two vertices as the probability given by the model defined in Equation  3 . Details about the star-clustering algorithm can be found in [16] . Table 3 shows the top 5 clusters ranked by size for the our three query sets. We found 56, 67 and 69 clusters in the kids, teen and mature teens queries, respectively. Only 5% percent of the cue words of the kids query set appear as cue words in the teens query set, and only 8% in the case of the teens and mature teens query sets. We observed a clear relation between the clusters and the expected topics of interests of the target users and progression in the topics. For instance social related topics (e.g. life, myspace, boyfriend) are found in big clusters in the teens and mature teens but they are not present in the children's clusters.
Click Analysis
The click information of the datasets was analyzed to compare the retrieval performance between children and general purpose content queries. For this analysis we collected the rank distribution, the mean reciprocal rank (MRR) and the click frequency of the queries in the datasets. Queries in which highly ranked domains are clicked often indicate that information needs could be more efficiently satisfied by the IR system. The MRR of a set of queries Q is defined by Equation 4. Lower MRR values occur when lower ranked documents are more frequently clicked by the user, which indicates poorer retrieval performance than higher MRR values. Figure 3 shows the rank frequency distribution of the data sets. This figure demonstrates that the retrieval performance of the queries to retrieve children information is poorer than the queries used to retrieve non-children oriented content, since clicks on lower ranked results are more frequent in the children query set. The MRR values found for the kids, teens, mature teens and whole data set were 0.57, 0.59, 0.58 and 0.73, respectively, which lead to the same conclusions since the MRR value for the whole data set is greater than in the other sets. We also found a drop for the children queries on the clicks ranked below rank 10 in comparison with the whole data set, since only 6% of the queries are below rank 10 for the kids and teens queries (4% for mature teens) while in the whole data 10.3% of the clicks are below 10. This findings suggests that children are less keen to explore low-ranked results beyond the first result page. Although in [13] is reported that children rarely go beyond the top 5 results, we observed a more even distribution in the children clicks rank 10. This findings is also consistent with Bilal's studies [5] . This behavior can be explained by the fact that children tend to explore more results given their lack of focus during the search and their difficulty to specify the information needed, as is mentioned in [7] . Moreover in [27] is reported that 40% of the children aged 5-15 are willing to explore unseen web results, which also supports the click behavior observed. Statistical significant differences in the MRR and rank mean between the four data sets were found using the Wilcoxon test at 95% confidence level. Figure 2 shows the cumulative frequency of the queries in our data. We observed a similar behavior in the data sets since queries that appear up to three times in the query log account for 80% of the total number of queries. However, a greater number of unique queries with low frequency are found in the children query sets. This may be due to the fact that children have more problems to represent their information needs causing the formulations of more queries as attempts to fulfill an information need. Table 4 shows the 10 most frequent queries in the children data 3 . As it is expected these queries reflected typical interests of the user target groups. For instance, elmo and dora the explorer are very popular characters among kids. The teens and mature teens queries show a greater interests in video games (ea sports), social events (prom) and educational matters (scholarships) indicating differences in the information needs between kids and older children.
Query frequency analysis
User Analysis
We analyzed the proportion of users that submit queries in more than one of the data sets. The results are summarized in Table 5 . This table shows that users that retrieve information for children rarely submit queries to extract information from the teens and mature teens data sets. Analogous results were found for the users of the teens and mature teens datasets. Nonetheless, this result should be taken with caution since the user identification in the AOL query log was performed automatically, which implies that there is no guarantee that users of the query log correspond to actual users. 3 Variations of the same domain were removed from this list (e.g nickjr and nickjr.dom). 
Session and Goal level results
Sessions allow us to understand the way users accomplish information needs and how they interact with the search engines. We collected three type of metrics to compare the session characteristics of our datasets: session length, duration and query reformulation metrics. Session length is the number of query entries issued in the session. Query entries can refer to new queries issued by the user or to further results clicked using the same query. This metric is an indicator of search efficiency since a greater amount of query entries suggests that more changes to the queries and document visits are needed to fulfill the search task. Session duration is defined as the time in minutes between the last and first query issued in the session and it is an indicator of the complexity of the underlying information need. Query reformulation metrics can be use to understand the way users change their queries to reach their information need. Additionally, goal length and duration were also analyzed as an attempt to understand how efficiently atomic information needs are accomplished and how these goals are issued in our data sets across sessions. Table 6 summarizes the metrics obtained for our data sets. All the results obtained were found statistically significant by using the Wilcoxon test In the following paragraphs these results are analyzed. Figure 4 shows that general-use sessions are mostly short given that 80% contain less than 5 query entries. On the other hand the length of sessions use to retrieve information for children tend to be longer and its distribution is more Table 6 ) suggests that the users of these sessions weren't certain of the relevance of the information found since users have to perform more queries and explore more documents. This result is consistent with Bilal's findings [7] in which children showed nonlinear navigation style when solving research tasks. This search style is characterized by the exploration of several choices before a final relevance judgment is made [7] . This result can also indicate that the documents retrieved by the search engine are not sufficient to satisfy the user's information need.
Sessions length
Sessions duration
The duration in minutes of the four types of sessions is shown in Figure 5 . This figure shows that users require more time to explore and complete information needs associated to children content than to general-purpose content. Statistically significant differences were found in the average session duration between the kids/teenagers/mature teenagers and general-purpose sessions. No significant differences were found among the types of children sessions. The longer duration of sessions to retrieve information for children suggest more difficulty to solve the information tasks associated to these sessions. This result is in line with the greater amount of pages visited and queries issued found in the session length analysis. This result is also consistent with the trend found in users to click higher ranked pages when children-content queries are issued as it was shown in the previous section. The average session duration found for the children's sessions (20.38 minutes) is in line with the average time reported by Bilal [7] for children that were minutes) . Nonetheless, the long duration found in the children's sessions can also suggests that broad and open information tasks are more frequent for these users and that in general users are less successful finding information for children. Interestingly, we obtain different conclusions when we calculated the session success rate by considering a successful search those sessions that end with a clicked domain, as it is suggested in [9] . We found that the success rate for the kids, teens, mature teens and whole data were 82.5%, 79%, 79.8%, 52.2%, respectively. These values would indicate that users of the children sessions are more successful in their information seeking tasks. However, these values are biased since children tend to explore and click on more results than adults (This behavior will be explored in further detail in the query reformulation analysis). We consider that this metric also evaluates the trust children have on Web results, in which more clicks indicate more trust. In [27] is reported that only 49% of the children (aged 12-15) make some critical judgment about the truthfulness of the results, which suggests that one of the reasons why children clicked more than adults is their greater belief on the content generated by search engines.
Goals length and duration
The goal length is an indicator of the efficiency to express atomic information needs. On the other hand, since goals were grouped without considering the session limits (without time window restrictions), long goal durations indicate the presence of informations needs that involve long term planning, as planning a trip, or information needs that are recurrent, for example checking the news. Figure 6 shows the length distribution of the goals extracted from the data sets. Contrary to the session length behavior, the difference in the length between the datasets is small (4.8 in the whole data set vs 5.8 in the kids set on average).This result indicates that children sessions contain a greater formulation of atomic needs. Figure 7 shows that the goal duration of general-purpose goals are significantly longer than in the children goals. This results is interesting because it suggests that children information needs are less frequently conformed by atomic informations needs split in long periods of times. This behavior is consistent with previous experiments in which children are found to be less focus during the search process [6] , which diminishes their ability to formulate information needs in longer time periods.
Query reformulation analysis
Users constantly modify their queries in an attempt to get better results from the search engine. The analysis of these query refinements allow us to have a better understanding of the way user's interact with the search engine and the search strategies employed to satisfy their information needs. In this paper we analyze the following types of query reformulations:
• Words added to the query (w.a): The previous query is a strict suffix of the target query. e.g. {dora}i−1 → Target query is identical to previous query and it is used to access a different website.
• Return to previous query (p.q): The target query was submitted during the same session.
Similar query reformulations types have been used in previous query log analysis [28, 19] . Although m.r is not a formal query reformulation (since no change is performed on the previous query), we included it in this analysis because this action is commonly use in the search process. Table 7 shows the percentages of the query reformulation types found in our data. These percentages were calculated on sessions containing more than one query which correspond to the 83%, 87%, 90% and 55% of the kids, teens, mature teens and whole data sessions, respectively. A salient difference is the average drop of 22.5% of new queries issued in the children sessions compare to the general-purpose sessions. Most of this drop is reflected in the greater use of the same queries to explore further results, which accounts on average for 90% of the new query reformulation type drop. Small gains in all the other query reformulation types were also found in the teens and mature teens sessions. Nonetheless, kids sessions only showed increase in the word removing, word changing and reusing of previous queries. Although, it has been shown that children commit spelling mistakes more frequently than older users, we didn't find an increase of the spelling correction reformulation type in the kids sessions. This may be indicate the need to employ more robust methods to detect spelling variations. However, considering that the percentage of spelling corrections is very low in all the session types, this result may be also due to the lack of appropriate spelling corrections tools in the search engine.
The rank data between query pairs and the click patterns suggested in [19] were employed to evaluate the effectiveness of the query reformulations. These click patterns are established between a query and its reformulation and can be described in the following way: 4. A domain was accessed in the reformulation query but not in the previous query frequency (skip skip) Table 8 summarizes the click patterns found for each one of the reformulations types defined above. Patterns (1) and (4) indicate that the reformulation was successful, on the other hand, patterns (2) and (3) indicate that the query reformulation was not effective. The ratio between these patterns also provide important information about the use of the query reformulations and their effectiveness. Low values of the ratio
suggests that the user is not satisfied with the initial query and the query reformulation is employed as an attempt to obtain better results. On the other hand, high values of this ratio indicates that users are refining or specializing their queries since a result has already been accessed. The query reformulation types w.c, w.r and m.r have the highest ratio considering all the sessions of the datasets which suggests that users tend to use these types of reformulations to refine their queries , since previous pages were accessed using similar queries. The high ratio value found for m.r is logical since users tend to keep the same query when previous results have been shown useful, as it is suggested by the high percentage found in the click-click pattern. Low rate values were found for w.a, p.q and s.c which suggests that these reformulation types are mostly used when users are not satisfied with their current queries. Similar conclusions were drawn by Huang et al. [19] on this query log by using a more extended set of query reformulations.
The same reformulation types were found to have the lowest ratio values in the children sessions which shows that these reformulation types are also preferred when users are not satisfied with their current queries. Nonetheless, a different behavior was found in the children sessions since all the ratio values are higher than in the general purpose sessions which suggests that query reformulations are more frequently used as follow-up of current results obtained. It is important to mention that the difference in the ratios are mostly caused by the significant higher use of the pattern click − click in the children queries. This finding is in-line with [6] studies on children search behavior stating that children need to explore further options before making a final relevance decision. This result also indicates that it is harder for these users to identify the relevancy of the results from the snippet and title presented in the result list, making necessary the exploration of the results in greater detail. This result is also aligned with our previous findings on the children queries rank data, and the children session characteristics since a greater amount of results clicked explains the longer length and duration of children sessions.
The ratio
is an indicator of the effectiveness of the query reformulations. The most effective query reformulations were w.r, w.c and m.r and the least effective were wa, pq and sc in the children and general-purpose sessions. However the ratio values in the children sessions were always higher given the greater number of clicks reported in these sessions. The higher rate value of the p.q query reformulation in the children sessions can be explained by the fact that children tend to repeat the same search even if it does not return new results [5] . This occurs given their perception of the web as a source containing all the information they need. This behavior is also in-line with their tendency to loop searches and hyperlinks, as it is reported by Bilal [6] .
The mean rank change represents the rank position difference of the clicked domains in the reformulated and original query. Higher rank position values correspond to the results located in the bottom of the result list and lower values to the results on the top of the list. Thus, higher mean rank change indicates that the query reformulation is less successful since users click in average on results below the original queries. We found that all the query reformulations are successful in children and general-purpose sessions, except for m.r and p.q. This result is logical since these actions do not involve query changes and users generally click on top results first. It is interesting to note that although query reformulation is significantly less used in the children sessions (given the high used of the action m.r ), these can be highly helpful since the mean rank changed is lower for the children sessions.
The mean time change measures the average time in seconds that users wait to perform a query reformulation. It is measured by calculating the submission time difference in seconds of the reformulated and original query. The wait time to perform query reformulations is longer for most types in the children sessions. This results was expected since children's physical and cognitive skills are less developed than in grown ups. (e.g. type speed and reading skills are lower), moreover children need more time to concrete their information needs and they are less focus during the search [7] . Surprisingly the only reformulation type that doesn't follow this trend is the m.r type, which is the most frequently used in the children sessions. However, we found in the query log cases in which consecutive identical queries are submitted with the same time-stamp, which influences the accuracy of this measure. We found that this occurs in 10% of the m.r actions in the sessions of the entire query log and 30% in m.r actions in the kids sessions.
LESSONS LEARNED
The better understanding of users retrieving information for children on a large-scale achieved in this paper allow us to discuss several ways to improve the search experience of these users. We discuss improvements on two IR dimensions: query assistance and aggregated search.
The need for query assistance
The use of longer queries to retrieve children-friendly content can be one of the causes of the lower retrieval performance found for theses queries since it has been shown that longer queries have poorer performance in current search engines [23] . For this reason we consider that refining long queries is highly beneficial for these users. Kumeran et al. [4] present a method to rewrite shorter queries by segmenting the original query and ranking the segments. Their method obtained 8% MAP improvement on two TREC collections (TREC123 and Robust 2004). Similarly, Bendersky et al. [3] employ a method to extract key concepts from the queries based on a classifier trained with query-dependant and corpus features. These keywords are used to rewrite shorter queries which are also proven to have better retrieval performance on a TREC collection.
The greater number of adjectival and verbal phrases found in the children queries suggests that the creation of query formulation tools based on phrases instead of keywords can also be beneficial for our target users as Jensen et al. [21] shows for the general Web user. Additionally, query rewriting methods may also be explored to rewrite phrases to keywords or entities to boost the retrieval performance Cue words are also a valuable resource to rewrite queries by using the cues terms associated to the contexts words or to the entities that occur in the query. This method can ease the exploration of information by providing different content types and dimensions of the topic being searched. The study of further query rewriting techniques as the one presented in [34] can also be beneficial to reduce the cognitive load of reformulating queries which are rarely used in the kids, teens and mature teens data sets. Finally, query assistance functionality should also help and train children to improve their skills to search the web.
Difficulty of searching for kids
The low percentage of informational queries found in the children queries suggests that although these users are familiar with interactive applications, they are not fully harvesting the information content available in the Web. This behavior may be due to the lack of expertise formulating information needs using keywords, to the difficulty of identifying relevant information from the web results or to the lack of more friendly methods to guide the search. This difficulty was also observed in the greater number of entries and longer duration of sessions. This finding may also be due to the preference of these users to use the internet for entertainment purposes as it is observed in the clusters presented in Table 3 and as it is reported in [27] . This user search behavior suggests that more efficient ways to gather the information and more efficient ways to present it to the user are required for these type of users. We consider that aggregated search represents a promising paradigm to address these difficulties. Aggregated search refers to the selection of results from diverse sources and content types and the integration of this information to aid the user to reach his/her information need more efficiently [26] .
The identification and clustering of cue words shown in this paper has potential to assist the selection of relevant verticals for the information needs of children. Although current IR systems for children as Yahoo Kids! or Ask Kids already offer categories associated to some of the cue words we identified in the clusters (e.g. games, coloring pages, poems, jokes, homework help, etc.), the dynamic selection of verticals for each query is still very limited. The detection of cue words from the submitted query and from historical data (query logs) also provide hints to the type and characteristics of the information to be displayed. This information is useful to complement vertical-selection classifiers as the one presented in [1] by designing methods to match these cue words to the available verticals.
Additionally, cue words are well-suited to be used in the information integration phase of the aggregated search paradigm. In this phase content from different verticals is processed, reorganized and presented to the user. Current IR systems only provide very simple methods to aggregate results from the verticals. IR systems could parse the content of the web results and aggregate only the content type suggested by the cue words of the query, this would highly reduce the cognitive load of users to find relevant information.
CONCLUSIONS AND FUTURE WORK
In this study we found differences with statistical significance in queries and sessions employed to retrieve information for children and general-purpose content. Given that most of our findings are in-line with previous studies of children's information-seeking behavior [5, 6, 7, 13] , we consider that this work represents a valuable and well-suited methodology to study the search behavior of users retrieving information for children. Although these case-studies are highly valuable for the understanding of user's behavior, the characterization of users on a large-scale using query logs has several advantages: It is unobtrusive (which makes possible to capture the actual user behavior), safer, repeatable, non-disruptive, non-reactive, inexpensive, a resource of longitudinal data (accessibility over long periods of time) and it allows the design and evaluation of solutions in realistic scenarios. Although the main disadvantage of query logs is the presence of noise, this problem can be overcome by using accumulated results from samples of reasonable size.
Besides corroborating previous case-studies results on a large scale, we were also able to characterize the tasks children prefer in the Web (by the classification of query intent), the preferred topics/interest of these users (by the cue words analysis) and their query reformulation behavior.
It is important to mention that the design of search success measures on query logs need to be addressed since current metrics based on clicks (e.g. mean reciprocal rank, click pattern analysis) are biased given the greater click action of children, which can be an indicator of trust on Web content instead of search success. As it is pointed out in [7] , search success should go beyond information access rate.As future work we will study query assistance and content integration methods to improve the search success and experience of children by using the information identified in this paper (e.g. query classification query structure, query intent, query reformulations and session activity). Additionally, we plan to apply this study in more recent query logs to corroborate the results we have obtained.
